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Description 

Thffl is a continuation-tn^rt aw)licatton oJ US. application Ser.No. 421 .444. filed Octobe 13. 1989. which is incor- 
porated by reference. The present invention relates to erythropoietin isoforms or mixtures thereof, to the methods for 
the preparation of spedfic isoforms or nmxtures thereof, to pharmaceutical compositions comprising such isoforms or 
mixtures thereof, and to methods of treatment utitizir^ such Isoforms and compositions. 

Background o f the Invention 

Erythropoietin is a glycoprotein hornrane involved in the maturation of erythroid progenitor cells into erythrocytes. 
It is essential in regulating levels of red blood cells in circulation. Naturally occurring erythropoietin Is produced by the 
liver during fetal We and by the kidney of aduHs and circulates in the Wood and stimulates the production of red blood 
cells in bone marrow. Anemia is almost invariably a consequence of renal failure due to decreased productiwi of eryth- 
ropoietin from the kidney. Recombinant erythropoietin produced by genetic engineering techniques involving the 
expression of a protein fxodurt from a host cell transformed with the gene encodir^ erythropoietin has been found to 
be effective when used in the treatment of anemia resulting from chronic renal failure. 

Until recently, the availability of erythroi:x)ietin has been very limited. Although the protein is present in human urine, 
excreted levels are too low to make this a practical source of erythropoietin for therapeutic use. Patients suffering from 
aplastic anemia exhaDit elevated levels of urinary erythropoietin relative to healthy individuals, but limited supplies of tfiis 
urine also make such a source innpractical. The purification of human urinary a^ythropK)ietin by Miyake et al. in J. Biol. 
Chem.. 25^ 5558 (1977). used, as starting material, urine from aplastic anemic incBviduals. 

The identification, cloning, and expression of genes encoding erythropoietin are descrtoed in U. S. patent 
4,703,008 to Lin. A description of the purification of recombinant erythropoietin from cell medium that supported the 
growth of mammalian cells containing recombinant erythrqx)ietin plasmids for example, is included in U. S. patent 
4,667,016 to Lai et al. The expression and recovery of biologically active recombinant erythropoietin from mammalian 
cell hosts containing the erythropoietin gene on recombinant plasmids has, for the first time, made avalaWe quantities 
of erythropoietin suitable for therapeutic applications. In addition, knowledge of the gene sequence arxi the availability 
of larger quantities of purified protein has led to a better understanding of the mode of action of this protein. 

The biological activity of a protein is dependent upon its striKrtura In particular, the primary structure of a protein 
(I.e.. its amino acid sequence) provkJes infbmriation that allows the formation of secondary (e.g, a helix or p-sheet) and 
tertiary (overall mree-dimensional folding) structures by a polyp^Ttkle during and after its synthesis. The disruption of 
proper secondary and tertiary structures by the introduction of mutations or by chemical or enzymatic tireatments can 
result in a reduction in biological activity. - 

In procaryotic organisms, ttie biological activities of proteins are largely governed by the structures described 
above. Unlike proteins from procaryotic cells, many cells surface and secretory proteins produced by eucaryotic cells 
are modified with one or more oligosaccharide groups. This modification, referred to as glycosylation. can dramatically 
affect the physical properties of proteins and can also be important in protein stability, secretion, and subcellular local- 
ization. Proper glycosylation can be essential for biological activity. In feet, some genes from eucaryotic organisms, 
when expressed in bacteria (e.g.. e2lD which lack cellular processes for glycosylating proteins, yield proteins that are 
recovered witii littie or no activity by virtue of their lack of glycosylation. 

Glycosylation occurs at specific locations along the polypeptide backbone and is usually of two types: O-Iinked oli- 
gosaccharkies are attached to serine or threorane residues while N-linked digosaccharides are attached to asparagine 
residues when they are part of the sequence Asn-X-Ser/Thr. where X can be any amino acid except proline. The struc- 
tures of N-linked and 0-linked oligosaccharides and the sugar residues fourKj in each type are different. One type of 
sugar that is commonly found on both is N-acetylneuraminic add (hereafter refened to as sialic acid). Sialic add is usu- 
ally the terminal residue of both N-linked and 0-linked oligosaccharides and. by virtue of its negative charge, may con- 
fer acidic properties to the glycoproten. 

Both human urinary derived erythropoietin and recorTt)inant erythropoietin (expressed in mammalian cells) having 
the amino ackl sequence 1-165 of human erythropoietin contain three N-linked and one O-finked ofigosaccharide 
chains which together comprise about 40% of the total molecular weight of the glycoprotein. N-linked glycosylation 
occurs at asparagine residues located at positions 24, 38 and 83 while 0-Iinked glycosylation occurs at a serine residue 
located at position 126 (Lai et al. J. Biol. Chan. 2fiL 3116 (1986); Broudy et al. Arch. Kochem. Biophys. 225. 329 
(1988)). The oligosaccharide chains have been shown to be modified wKh terminal sialic acW residues. Enzymatic 
treatment of glycosylated erythropoietin to remove all sialic acid residues results in a loss of in vivo activity but does not 
affect in vitro activity (Lowy et al. Nature 185. 102 (1960): Gtoldwasser et al. J. Biol. Chem. 249. 4202 (1974)). This 
behavior has been explained by rapkl clearance of asialoerythropoietin from drculation ufwn interaction with the 
hepatic astalogtycoprotetn binding protein (Worrell et a!. J. Biol. Chem. m 155 (1968): Briggs. et aJ. Am. J. Physiol. 
227. 1385 (1974): Ashwell et al. Methods Enzymol. 50, 287 (1978)). Thus, erythropoietin possesses in vfyfi biological 
activity only when it is sialylated to avoid its binding by the hepatic binding protein. 
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The role ot the other compOTents in the oligosaccharide chains oJ erythropoietin is not well defined. W has been 
shown that non-glycosylated erythropoietin has greatly reduced 1q yivQ activity compared to the glycosylated form but 
does retain in yitQ activity (Dordal et al. Endocrinology m 2293 (1985); Lin patent sypffl). tn another stiKiy. however, 
the removal of N-linked or 0-linked oligosaccharide chains singly or together by mutageneas of asparagine or serine 
residues that are glycosylation sites sharply reduces in yto activity of the altered erythropoietin that is produced m 
mammalian cefis (Dube et al. J. Biol. Chem. 263. 17516 (1988)). 

Glycoproteins such as erythrqxjietn can be separated into different charged forms using techniques such as iso- 
electric focusing (lEF). Several parties have reported lEF studies of crude and partially purified erythropoietin prepara- 
tions (Lukowsky et aU J. Biochem 5Q. 909 (1972); Shelton et al. Biochem. Med. 1£, 45 (1975); Fuhr et al. Biochem. 
Biophys. Res. Comm. 2S, 930 (1 981)). At most, three or four fractions having erythrc^ietin activity were distinguished 
by lEF in these studies and none were characterized with respect to carbohydrate content In addition, no correlation 
between the isoelectric points of the fractions and their biological activity was nr^e. 

During the purification of urinary erythropaetin from human urine discussed in Mtyake et al. aiEa two erythrcpoi- 
etin fractions from hydroxylapatite chromatography designated II and IIIA were r^rted to have the same specific activ- 
ity. A subsequent carbohydrate analysis of fractions II and IIIA revealed that fraction II had a greater average sialic acid 
content than fraction IIIA (Dorda! et al. suera)- 

It is an object of the present invention to provide separated and isolated isoforms of erythropoietin having a defined 
sialic acid content and biological activity. Pharmaceutical compositions containing such molecules wouW have thera- 
peutic benefit 

Rummarv of the Invention 

The subject invention relates to erythropoietin isoforms. Also provided is a method of preparing an erythropoietin 
isoform comprising the steps of subjecting purified erythropoietin to preparative isoelectric focusing, and eluting a sin- 
gle isoform from the get Pharmaceutically acceptaWe compositions comf^ising erythropoietin isoforms are also pro- 
vided. This invention also relates to methods of increasing hematocrit levels in mammals comprising administering a 
therapeutically acceptable amount of these compositions to inaease production of reticulocytes and red Wood cells. 

The subject invention relates to a method of preparing a mixture of erythropoietin molecules having greater than or 
atternatively less than a predetermined number of sialic acids per molecule comprising subjecting material containing 
erythropoietin to ion exchange chromatography Also comprised by the subject invention is a method of preparing a mix- 
ture of erythropoietin nwlecules having greater than or alternatively less than a predetermined nuntter of sialic acids 
per molecule conprising subjecting a material containing erythropdetin to chromatofocusing. 

Brifif Descri ptinn nf thp Drawings 

Figure 1 shows an analytical isoelectric foasing gel of the separate recombinant erythropoietin isoforms. Gel lanes 
1-11 show isoforms ranging from less acidic (higher pi) in lane 1 to rmre acidic (lower pi), in lane 1 V Purified 
recombinant erythropoietin containing a mixture of isoforms 9-14 is also shown in the far left and right lanes of the 
gel 

Figure 2 shows the relationship betwem the number of sialic adds per erythropoietin feoform and the in yivfi spe- 
cific activity of each isoform expressed as unrts per mg of erythropoietin polypeptide. In Figure 2A. the concentra- 
tion of each erythropoietin isoform was determined by the Bradford protein assay; in 2B. the concentration was 
determined by absorbance at 280 nm. in 2C. the concentration was determined by RIA. 
Rgure 3 shows an analytical isoelectric focusing gel of defined mixtures of recombinant erythropdetin isoforms 
prepared by anion exchange chromatography under different conditions. Gel lanes 1-6 represent, respectively, 
erythropoietin isoforms etuted in a high saH wash after washing the Q-Sepharose fast flow coltmin with 150 mM 
acetic acid, pH 4,7, 150 ml^ acetic add (unbuffered), 200 wM acetic acid. pH 4.7, 250 mWI acetic acid. pH 4.7. 300 
mM acetic acid, pH 4.7 or 300 mlWI acetic add (unbuffered). Purified recombinant erythropoietin contairting a mix- 
ture of isoforms as obtained using proc^ures described in Example 2 of tai et al.. auBia. except that DEAE-Aga- 
rose chromatography is replaced by 0-Sepharose chromatography, is also shown in the far left lane of the gel. 
Rgure 4 shows the separation of erythropoietin isoforms 8 to 12 achieved by sut^ecting cell conditioned medium 
applied to a column of Q-Sepharose to a gradient of decreasing pH and inaeasing ionic strength. Aliquots of even 
numbered fractions from Fraction 2 to Fraction 40 were subjected to analytical isoelectric focusir^. Purified recom- 
binant erythropoietin containing a mixture of isoforms obtained using procedures desatoed in Example 2 of Lai et 
al. supra, except that DEAE-Agarose dtromatography is replaced by Q-Sepharose chromatography, is also shown 
in the far left lane of the gel. 
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nfft ^iilpri DBScriPtion nf Ihe Invention 

According to the present invention, erythropoietin isotorms are provided. Isoelectric focusing (IEf=) separates pro- 
teins on the basis of charge. When placed in a pH gradient and subjected to an electric field, proteins win n^rate to *« 

; point at which they have no net charge and remain there. This is the isoelectric point m ot the protm Each dishnrt 
tend observed on lEF represents molecules that have a particular pi and therefore the same overall cJ^rge. and « 
termed an isoform The term 'erythropoietin isoform" as used herein refers to erythropoietin preparations having a sin- 
gle pi, and having the same amino acid sequence. r.MA^»„..»«-»iha» 
In a preferred embodiment the erythropoietin is the product of the expression of an exogenous DNA sequence that 

,0 has been transfected into a non-human eucaryotic host ceH. that is, in a preferred embodiment the ^Y^'^'*^ 
■recombinant erythropoietin". Recombinant erythropoietin is advantageously produced acwrding to the Procedures 
described in commonly owned Un U.S. Patent 4,703.008 hereby incorporated by reference. Recombinant erymropoe- 
tin is advantageously purHied according to the general procedures described in Example 2 of comrnorty ow^ed La. et 
al U S Patent 4 667.016 hereby incorporated by reference, or alternatively the procedure described m Example 2 

,5 Wherein DEAE-Agarose chromatography is replaced by 0-S^harose chromatography. In the Q-Sepharc»e cdumn 
modification. 55 txM NaO replaces 25 mM NaO in the buffer solution used to bring the column to "f^a" P"-."^^ 
mM NaO replaces 75 NaO in the buffer solution used to elute erythropoietin from the column. ThK rn^enal. when 
analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis, migrates as a single speaes (i.a bancfl^When 
purified erythropoietin is subjected to lEF, multiple bands in the gel are apparent, indicating that different charged forms 

20 o1 the alvcoproftein are preswt. . . 

It has been found that discrete isolorms of recombinant erythropoietin having the amino acid sequence of urinary 
derived human erythropoietin correspond to erythropoietin molecules having from 1-14 aaHc acids, and eachis^rn 
present in purHied recon*inant erythropoietin has an in activity which .s related to the number of sialic acds «ie 
isoform pcLesses. The term "erythropoietin", as used herein, includes naturally occumng eryttiropoietin. unnary 

25 derived human erythropoietin as well as non-natuially occurring polypeptides having an amino aad sequence and gly- 
cosylation sufficiently duplicative of that of naturally oocun-ing erythropoietin to allo« possession of m ves biological 
properties of causing bone manow cells to increase production of reticulocytes ami red blood cells. 

Crude preparations of erythropoietin have many isoforms but material purified for example, as m the l^i et al pat- 
ent syora Example 2. contains predominantly six isoforins when analyzed by lEF. In addition, at least one addrtional so- 

30 form of greater acidity has been detected using the chromatographic procedures described in Example ^-^C^/T® 
acidic form migrating at >14 sialic adds on an lEF gel may contain nonsialic acid negative charges as shwn Iv the 
resistance of some of the charge to sialidase digestion). These isofomis differ from each other by sialic acd content^ 
As shown in the Examples, this fe demonstrated by isolating 10 of these isofonns by preparatn/e lEF and determming 
the sialic acid content of five of them. Of the isoforms assayed for sialic acid content, it is found that the five isoforms 

35 contained either 9. 10. 11. 12 or 13 sialic ackJ residues. ^ . ,. 

There is a relationship between the relative In yivg specific activity of erythropoietin and number of sialic aad resi- 
dues per erythropoietin molecule from the isoforms 5 through 1 1 (each isoform is designated herein by the number of 
sialic acids per erythropoietin molecule). Isoforms 11 through 14 have approximately the same relative '^^^^'^ 
activity. Isoforms 5-14 are assayed for in yjye activity by the exhypoxic polycythemic mouse bioassay and the amourt 

40 of ea* isofomi present is determined by Bradfort protein assay, absorbance at 280 nm or ^fdioinumnoassay (RIA^ 
for ^ropoietin RIAdetern^nations (Egrie et al. Immunobiology 122. 213. (1986)). expr«sed as units/rrt ared^jded 
by 212 770 unitsAng erythropoietin polypeptide, the average specHic activity of purHied erythropoietin as drtermined^ 
RIA, to give protein concentrations of isolated isoforms or isoform mixtures expressed as mg erythropoietin polypep- 
tideMil. As shown in the Examples, the relative jn vjye specHic activities increase step^wise from isoform 5 to isoform 

45 11 (see Tsble 2) 

The in 5dm specific activities refened to herein are measurements of relative In JflVC specrt ic acli«ties and are not 
measurementsofal«oluteinyimspecricactivities.Forthepurposesofthiswlication.thesp^^^ 
only to compare relative activif es of isofom^ that have been assayed using the same a«ay the 
including STsame internal standard, the same type of animals, having the same analysis of the data used to calculate 

50 specific activity, the same assay for determining protein content His not intended that any msflvespecrficactvrty value 
reported for any isoform represents an inherent or absolute value for that isoform. . ^. ^. ^ 

The subject inventton provides erythropoietin isoforms. The specHic isoforms of erythropoietin obtained in accord- 
ance with the present invention, and their properties, may vary depending upon the source ol the startmg '^tenal Fo^ 
exanple the isoforms of urinary derived human erythropoietin are different than the isoforms of recombinant erylhro- 

55 poielin In a preferred entjodiment. the invention relates to an erythropoietin isoform having a specific number {,.e. a 
ft^ed number greater than 0) of siafic acids per erythropoietin molecule, said number selected from the group consi^g 
of 1-14. Advantageously said number is 9. 10. 1 1. 12, 13, or 14. In another embodiment said number is greater than 

TO^eSSSSwides coirpositfons comprising two or more erythropoietin isoforms. In one embodiment the 
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compositions comprise a mixture til isofomis having ereater than a predetermined number tiS sialic aods per erythro- 
poietin molecule. e.g. greater than 1 1 sialic adds per erythropoietin molecule, or greater than 12 sialic acids per mole- 
cule e g a mixture ol isoferms 12. 13 and 14. In another embodiment fte compositions comprise mixtures of isolomis 
haviiig a predeterrrined number of sialic adds per erythropoietin molecule, e.g. less than 12. but greater than 8 sialic 
acids per molecule as in, for example, a mixture of isoforms 9. 10. and 1 1 . The invention also provides for compositons 
of erylhr(^)oiefin isoforms wheron the relative amounts of the isoforms are the same or (Sfferenl. For example a mixture 
of isoforms 9. 10 and 1 1 could have the isoforns present in a variety of ratios such as 1 :1:1 , 2:3:1 or 2020:1 . 

Advantageously, the conpositions comprise mixtures of less than four isoforms. for example a mixture of isoforms 
11 12. and 13. or a mixture of 12 and 14. or a mixture ol 7 and 13. , ^ . 

In order to produce mixtures of erythropoietin isoforms. this invention also provides methods of isolating selected 
erythropoietin isoforms simultaneously. These methods indude isolation of individual isoforms by techniques such^ 
preparative isoelectric focusing or preparation of mixtures of isofomis having a predetemiined number of sialic acids 
peTmolecule (for exanple. greater than 1 1) by techniques such as ion exchange chromatography or chromatofocusmg. 
All ol these techniques have as their basis the separation of proteins according to charge. 

in general ion exchange chromatography and chromatolocusing involve application of either crude human eryth- 
ropoietin (cell conditioned media) or purified material to a column resin urKfer condHions that permrt binding of some or 
an the erythropoietin isoforms to the resin. For cojde erythropoietin preparations, it Is preferable to apply the protem 
to the column at about pH 7 vM\e tor purified preparations the protdn can be applied to the column at pH 7 down to 
about pH 4 After wasKng the column with buffer at about pH 4. those erythropoietin isoforms that remain bound on the 
ion exdiange column are eluted by increasing the pH and the salt concentration of the buffer or by applying a gradient 
of decreasing pH and Increasing ior«c strength at about pH 4. For chromatofocusing. the isoforms are eluted from the 
column by a graifient of deaeasing pH or by washing the column with a high concerrtration of salt . . . 

In one embodiment the invention relates to mammalian (e.g.. Chinese Hamster Ovary, CHO) host cells which pref- 
erentiaDy synthesize erythropoietin Isoforms having greater than a specific number, e g. greater than 10 sialic acris per 
molecule Erythropoietin molecules have N-linked or CWinked oligosaccharides structures which can limit the sialic acid 
content of the molecule. For example, tefraantennary (tour-brandied) N-linked oligosacdiarides most commonly pro- 
vide four possible sites for sialic add attadiment while bl- and triantennary oligosaccharide chains, which can substrtute 
for the tetraantennary form at asparagine-Iinked sites, commonly have at most only two or three sialic aods attached. 
0-finked oligosaccharides commonly provide two sites for sialic acid attachment. Thus, erythropoietin molecules can 
accanmodate a total of 14 sialic add residues provided aO three N-finked oligosaccharides are tetraantennary. Mam- 
malian cell cultures are screened for those cells that preferentially add tetraantennary diains to recombinant erythro- 
poietin, thereby maximizing the number of sites tor sialic acid attachment. ^ 

■ The N-linked oligosaccharides of urinary erythropoietin contain sialic add In both an o 2.3 and an a 2.6 linkage to 
galactose (Takeuchi et al. J. Biol. Chem. 2^ 3657(1988)). Typically the sialic add in the a 2.3 linkage is added to 
galactose on the mannose a 1.6 branch and the sialic acid in the a 2.6 linkage is added to the galactose on the man- 
nose o 1 3 branch. The enzymes that add these sialic adds (p-galactoside a 2.3 sialyltransferase and p-galactoside o 
2,6 sialyltransferase) are most eff ident at adding sialic acid to the mannose a 1 .6 and mannose a 1 .3 branches respec- 

""^ Dihydrofolate reductase (DHFR) deficient Chinese Hamster Ovary (CHO) cells are a comnwnly used host cell tor 
the production of recombinant glycoproteins induding recombinant erythropoietin. These cells do not expr^the 
enzyme B-galactoside a 2.6 sialyltransferase and therefore do not add sialic acid in the a 2,6 linkage to N-linked oli- 
gosaccharides of glycoproteins produced In these cells. (Mutsaers et al. Eur. J. Biochem. m 651 (1986)jTakeuchi 
al J Chroitatogr 40a 207 (1987)). Consequently, recombinant erythropoietin produced in CHO cells Iad<s sialic acid 
in the 2 6 linkage to galactose (Sasaki et al. (1987). suEia: Takeudii et al. (1 987). syfiia). 1" another embodiment of the 
subiect'lnvention. the erythropoietin used to produce the isoforms is made in CHO cells that are transfected with a fic- 
tional t^galacfoside a 2.6 sialyltransferase gene to give incorporation of sialic acid In a 2.6 linkage to galactose. See 
Lee et al. J. Btol. Chem. 264. 13848 (1989), hereby incorporated by reference, for a disdosure of techniques for aeat- 
Ing modified CHO cells or other mammalian host cens. . ^ u . i ^ 

Also disctosed by the invention are certain analogs of human erythropoietin. As used herein the phrase analog of 
human erythropoietin" refers to erythropoietin with one or nrare changes In the amino add sequence of hunan eryth- 
ropoietin whidi result In an increase in the nuirfcer of sites for sialic add attachment Analogs are generated by site- 
directed mutagenesis having atfclitions. deletions, or substitutions of amino add residues that aHer sites that are avail- 
able for glycosylatlon. Sudi analogs have a greater number of carbohydrate chains than human erythropoiebn. 

Analogs that result in increased biological activity are constructed by inaeasing the sialic add content of the eryth- 
ropoietin molecule. Analogs having levels of sialic a«J greater than that found in human erythropoietin are generated 
by adding glycosylation sites whidi do not perturb the secwidary or tertiary conformation required for biological activity. 
Advantageously, the analog of human erythropoietin has 1 , 2 or 3 additional sites for N-glycosytation w 0-glycosylation. 
For exanpte. a leudne al position 69 Is replaced by an asparagine to give the sequence Asn-Leu-Ser. whidi serves as 
a fourtti site for N-glycosylation. Such a diange can commonly provide up to four additional sialic adds per molecule. 
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ExaiTBles of other changes that generate additional N- or 0-glycosyla1ion sHes are alanines at positions 125 and 127 
to asparagine and serine, respectively, alanine at position 125 to threonine and alanines at positions 124 and 125 to 
prolitirai^ threonine, respectively. As will tje appreciated by those skilled in the art. the disclosure induJes many other 
analogs of human erythropraetin having additional sites for glycosylation. 

Also compreherKJed by the invention are pharmaceutical compositions compriang a therapeutically effective 
amount of a specHic isoform or mixture of isoforms together witti a suHaWe diluent, adjuvant andVor earner useful in 
erythropdetin therapy. A therapeutically effective amount" as used herein refers to that amount which provides thera- 
peutic effect for a given condition and administration regimen. The administration of erythropoietinisofonre "Spf efera- 
Uv by parenteral routes. The specHic route chosen wiTl depend upon the condition being treated. The administration of 
erythropoietin isoforms is preferably done as part of a formulation containing a suitable carrier, such as human s^ 
albumin a suitable diluent such as a buHered saline solution, and/or a suitable adjuvant The required d^ge wiB be 
in amourts suHident to raise the hematocrit of patients and will vary depending upon the severity of fte condition beuig 
treated, the method of administiation used and the like. ^ ^ ,- 

The following examples are offered to more fully illustrate the invention, but are not to be construed as limiti^ the 
scone thereof The erythropoietin standard used in the in yjyo bioassays employed in the Examples is a recontanarit 
erythropoietin standard that was standardized againstapartiaBy purified urinary erythropoietin standand^^^ 
ative in vjvQ specific activities are being measured Also the in vivo specific activities are expressed m unite^l . 
•unitsMig- and umts/Ajso" and not as "lUArt". "lU/mg" and lU/Ajso". because the erythropoietin standard employed has 
not been directly correlated to any existing international standard. 

Fxample 1: Isnlation of Recombinant Erv thmpoietin Isoforms 

Recombinant erythropoietin is produced as described in Un. aUBEa- Recombinant erythropoietin used as starting 
material for the first and third isoform isolations is purified according to the procedure desaibed in Example 2 of conv 
monly owned Ui et at. Sifflra. Starting material for the second and fifth isoform isolation is purified according to Ui et 
al suora using the modification of Q-Sepharose chromatography. These preparations contain a mixture of isoJornB of 
rec^nant erythropoietin having the same amino add sequence as urinary derived human erythropoietin and contain 
predominantly isoforms 9 to 14. Starting material for the fourth isofomi preparation is the material whidj elutes dijffing 
the 5 mWI acetic acid/1 mM glycineffiO/l urea wash of the anion exdiange column in Example 2 of Lai et al. This fraction 
contains isoforms wrth less tt«n or equal to 9 sialic acids and was further purified by gel filtration dvomatograpiv as 
described in Exanple 2 of Lai et ai. prior to use in the preparative isoelectiic focusing procedure. The sixth isoform 
preparation used as its starting material a purified preparation of recombinant erythropoietin having from 4 to 13 aalic 
re^es This material was purified as per Example 2 of Lai et al. except for a modification to the ion exchange column 
(elution of the recombinant erythropoietin with a sodium chloride gradient at pH 8.4 and omission of the acetic aadAirea 
35 wash) which results In retention of most of the isoforms present in the starting materiat 

Six different preparations of iixlividual isofomis are carried out by preparative isoelectric focusing in a granulated 
gel bed (Ultrodex. LKB) essentially as per LKB AppBcation Note 198. Pharmalyte (Pharmacia) 2.5-5 ampholytes (Phar- 
macia) are used and the gel bed contains 5 M urea 

In the first preparation, approximately 20 mg of recombinant erythropoietin in 6.8 ml of 20 mM sodium citrate/ 100 
40 mK/l sodium chloride, pH 7.0 are applied to the gel and focused at 8 watts for approximately 16 hours, met eoelatnc 
focusing, the isofom) bands in the gel are visualized by a paper contact print of the gel bed. The print is made and then 
fixed by soaking in 3 dianges (approximately 10 minutes each, room temperature) of fixing solution (40% mrtte- 
nol/10% acetic addno% TCA«.5% sulfosalicylic add). siAjected to one change (approximately 10 minutes) of 40% 
methanoV10% acetic add (30-60»C). stained for 15 minutes at 60°C in 0.125% Coomassie Hue R-250/40% metha- 
45 noU10% acetic add. and then destained in 7.5% methanol/10% acetic add in order to visualize the separated isofornB. 
The region of the granulated gel bed containing the isoforms (-50% of the resin) is removed, water is added (-16mO. 
and the slurry is poured into a 5.5 x 24.5 indi tray and waporated to -40 g net weight This preparation b focused for 
a second time and a contact print of the gel bed is made as before. The portion of gel containing ead» of the sa dis- 
cernble isolbrnre is removed from tiie gel bed. ..-^ ■ 

In order to elute the isoforms from the gel. a solution containing 10 nM Tris-HCI . pH 7.0/ 5 ml^ Chaps s added to 
eadi isoform to generate a slurry. The slurries are placed in smaB columns and washed with ttie Tris-Chaps buffer. TTje 
flow throughs are collected and applied separately to small columns (open column configuration) containing Vydac C4 
reversed phase resin equilibrated in 20% ethanol/10 mM Tris-HO. pH 7.0. The columns are dweloped step^'se witt. 
20% ethanol/10 mM Tris-HQ. pH 7.0. 35% ethanol/10 mM Tris-HQ. pH 7.0. and 65% etiianol/IO mM Tris-HCI. pH 70. 
The fraction eluting at 65% ethanol/1 0 mM Tris is dfluted 1 :1 with 1 0 mM Tris-HO. pH 7.0 and subjected to concentra- 
tion and then buffer exchanged to 10 mM Tris-HCI. pH 7.0 using a Centricon-I0 (Amicon) microconcentrator. Analytical 
isoelectric focusing of this preparation is performed essentially as described In LKB technical note 250 using Servalyte 
3-5 anphdines(Serva) in a polyacrylamide gel containing 5 M urea. ^. . ^ . 

In a second preparatioa approximately 26 mg of recombinant e-ythropoietin in 6.5 ml of deionized water are 
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appfied to the gel and focused at 2.5 watts tor 35 minutes and 10 watts tor appro^mately 17 ff"'^ J^-^ ^^^jf 
^sed protein, which are visible in the gel bed. are removed as 11 ditferent poolsjach pod 
ml with deionized water and 20 ml cJ each of the resulting pool supernatants s subjected to ana^ytcal .soelectnc fcxis- 
^ as desatoed above. To each of the pools is added 5 ml of 1 .5 M Trte-Ha. pH aS and the slurr.es are 
in small columns and the liquid phase allowed to flow through. The resin « washed wrth approximately three «Bh^ 
of 0 5 M Tris-HQ, pH 7 and the rinse solution is combined wtth the fto* through. The eluante are "«:er*ated fflrf 
buffer exchanged to 20 mM sodium cttrate/ 100 mM sodium chloride. pH 7.0 using Amicon d«pt»ab!e ""frahltraton 
devices having a 10.000 dalton molecular weight cutoff. The concentrated sdulions (aPP™«'"«^ely 0-5 -^J) 
pSL throu^ a 0.22 micron cutoff ceRutose acetate filter. Based upon analytKal .soelectnc tocus.ng. f«,e pools are 
found to contain predominantly the single isofornB 10. 11. 12, 13 and 14. 

In a third preparation, approximately 30 mg of recombinant erythropoietin in 21.8 ml of distill^ water is appl'ed to 
the gel and tocu^ at 2 watts tor 25 minutes. 10 watts for 20 hours and 15 watts tor 15 minutes. Protein to"^ corre- 
SSn^to^irtfvidualisotormsareobsen^ed visually and removed from the gd 
SSSLtogenerateaslurry and the resiling supernatamsareana^^ 

Sual volume of 1 M Tris-HCI. pH 7.2 is added to each slurry, the suspensions are placed ,nto separate sma» cotomns 
and the liquid phase is allowedtoftow through the co!umntoelutetheisoforms.Eachfto«mroi^^ 
Lffer exLnged to 20 mM sodium citrate/ 100 mM sodium chloride. pH 7.0 usmg Amicorj '"^,2'l"'^J^n 
devices having a 10.000 dalton molecular weight cutoff. An analytical isoelectric tocusing gel revealed that pools con- 

tainingpredominantlythesingleisotorms9.10.11.12,13and14wereobtained. 

A fourth isoform preparation used as its starting material erythropoietin contaimng '"^T JP^^^f 
desaibed above). Prior to preparative isoelectric focusing carried out essentally as desaibed for pre,«ratons 1^ 
above, the anph;ytes{PharmalWe2.S5)werepre-fractionatedinaRotofor(Bio.Fted^R.chn^ 
electric focusing cell to yield an ampholyte range more suitable for the tower .soelectnc points of the starting rratenal. 
C^eSS ^ carried oT?by mixing 6.7 mL of Pharma^e 2.5-5 with 15 g of "rea adc«ng purrfied water 
Smrvolumeto50mLThismixturewasfmctionatedintheRototorat10Watts.rC.tor51«^^^ 
phSS 2^ and 0.1 M sodium hydroxae as the anolyte and catholyte. respectively The a^^^^ 
measured pHs of between 4.5 and approximately 6 were used in the flat-bed isoelectnc focusing 

Ampholytes were removed from the isoforms using a Centrieluter (Amicon. Danvers, MA) and a 10 000 MW oitoH 
CenSi (M»con) using the following parameters: 0.18 Tris buffer pH 8.8. 100 Volts. 25-30 mA, tor 3 hours. The iso- 
^^a^lZl men bier Jchang«f into 0. 1 M sodium chtoride by gel f atration usij^ Sephad«c ^^(^^^^^^ 
lytical isoelectric focusing of the five resulting pools showed them to contain isoforms 4.5.6.7. and 8. Isoform 4 ran as 
several bands irKiicating that it may have undergone some degradation. . ^ . ^ 

^e fSam priaration was modHi^ 

procedure. In this modification, the protein was not added to the a"PholyteA.rea/gelmi>rture prior to eled^^ 
Laddedtothe isoelectric tocusing apparatosfollowinggeneration of the pHgradiem 

cusing tor 75 minutes (1500 volt-hrs) the section of gel bed from 2.25^.25 cm ^^'<^J>''^^.^'^,^: '^'^ 
with the erythropoietin solutfon. and added back to the gel bed. Foltowing isoelertru: focusing, reforms 10 ]1.12^3 
a,^ 14 were elirted from the gel bed and separated from the ampholytes by ultrafittration using Centr.con-10 (AmK»n) 

"^tS pre-focusing modrication was undertaken to make the ultravtolet absoibance characteristic of the isoform 
preparations more similar to that of the starting recombinant erythropoietin. This improvement in spe«ra^characlers- 
tt(^ be seen in therattoofabsorbance at 280 and 260 nm tor the isolated isoforms. Theavera^^ 
at 280 nm to that at 260 nm (A280/A260) tor isofomre from fweparations 2 and 3 (non-prefocused) is 1 .36 ± 0 J 1 T 
me S^ge >S!vA260 ratto for preparattons 5 and 6 (pre-tocused) is 1.68 ±0^. ^-f*7/3^^^«f f 
the calculation, the average A28Q/A260 ratfos are 1 .39 ± 0. 1 1 and 1 .74 ± 0.09 tor preparations 2 & 3and 5 & 6^ respec 
tively. (isofom, 14 may have the most atypical spectrum because it is present in the sn«I est ^"^"^ ^"^'^"^ "^^ 
subiUtoirterferences by trace contamination by ampholyteconponents or be«usert.sne^^^ 
ing the flat bed isoelectric tocusing procedure). The average A280/A260 ratro for recombinant erythropoietin prepared 
aa»rding to Exanvie 2 of Lai et at. (modified as described earlier by using Q-Sepharose as the anion exchange resin) 

^ aI d^bed above, the starting material fa isoform preparation #6 was a recombinant erythropoietin preparation 
containing isofomis 4-13. The ampholytes were pre-focused in the Rotator apparatus as per the tojfh preparatioa 

Sons having measl^ pHs of between 3.7 and 4.8 were used for the flat bed 
SSZs pre-tocused » in run #5 and isoforms 9.10.1 1 .12 and 13 were obtained after ultrafiltration (Centncon-10) 

55 to remove carrier ampholytes. 

Pv^mptft P ; fiialin Acid nnntent of Rem mhinant Erythropoietin ISPtprTO 

The isoforms isolated as described in Example 1 arrd erythropoietin purified according to procedures described in 
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Lai et al., supra (mixture of tsoforms 9 to 14) are buffer exchanged into 0.10-0.15 M sodium chlor'de and analyzed for 
sialic add content by a nrK)dHrcation of the procedure of Jourdian et al. J. Biol. Chem. 24fi. 430 (1971). "me sialic acid 
readues are cleaved from the glycoproteins by hydrolysis with 0,35 M sulfuric acoJ at 80**C for 30 minutes and the solu- 
tions are neutralized with sodium hydroxide prior to analysis. In order to estimate the amount of erythropoietin protein 
present a Bradford pmtein assay (Brafford Anal. Btochem. IZ, 248 (1976)) using recombinant erythropoietin having 
the amino acid sequence of human erythropoietin as standard is performed using the assay reagents and the micro- 
method procedure suj^Iied by Bio-Rad. Ttie results, expressed as moles of aalic adds p& nv^e of erythropoietin, are 
shown in Table 1. fsoforms are designated according to the number of sialic adcte per molecule and range from least 
acidic (Isofonm 9) to nrast addic (Isoform 13). Isoforms 9-13 are shown in gel tanes 6-10 of Figure 1 . Quantities of teo- 
form 14 are insufficient to accurately measure the sialic add content. The sialic acid content of this isotorm is inferred 
from its migratiari on lEF gels relative to other isofornts. The sialic add content of isoforms 5-8 (preparation #4) has not 
been measured txit is likewise inferred from their migration on lEF gds. 



TABLE 1 



ERYTHROPOIETIN 
ISOFORM 


MOLES SIALIC 

ACID/MOLE 
ERYTHROPOIE- 
TIN 


Isoform 13 


12.910.5 


Isoform 12 


11.810.2 


Isoform 1 1 


11.010.2 


Isoform 10 


9.8 1 0.3 


Isoform 9 


8.910.6 


Isoform Mixture (9-14) 


11.310.2 



Example 3: Activity of Recombinant Ervthroooiettn Isoforms 

35 The isoforms isolated as described in Exanple 1 are assayed by absorbance at 280 nm, by Bradford protein assay 
and by RIA for erythropoietin to determine the amount of recombinant erythropoietin present. The exhypoxic poly- 
cythemic mox&e bioassay (Cotes et al. Nature Igl 1065 (1961)) used to determine the relative in yiwj biological 
activity. Quantitation of the amount of erythropoietin protein present using a radioimmunoassay for erythropoietin pro- 
duced results having higher relative in vivQ specific activity for calain isoforms because of an apparent decreased 

40 immunoreactivity of isoforms containing large anwunts of sialic acid leading to an underestimation of the erythropoietin 
concentration and thus an over estimation of the relative in yjvQ specific activity for the most negative isoforms. Moise 
bioassay determinations, expressed as units/hit. are divided by the corresponding protein concentrations to give in vivo 
specific activities expressed as units/mg erythropoietin polypeptide. These specific activities are shown in Tat)le 2. 
In Table 2, "n" is the number of independent isoform preparations which contribute to me specific activity value. In 

45 mssX cases several in viye assays were performed on each isoform preparation. The same In vivQ data contrilxrte to the 
spedfte activity calculations for all three columns, units/mg erythropoietin polypeptide was determined by the at)Sort>- 
ance at 280 nm. from radioimmunoassay potwcies. or from Bradford protein assay results. Purified recombinant eryth- 
ropoietin containing isoforms 9-14 was used as the standard in the Bradford protein assay, "n" may be less for the 
calculation made i«ing the Bradford protein assay as some preparations were no longer availahrfe at the time the Brad- 

50 ford assays were performed. 

Erythropoietin purified according to the f^ocedures described in Lai et al.. supra and containing a mixture of iso- 
forms 9 to 14 is used as a standard for the RIAs and iavb^ assays. 

The relab've specif tc activities expressed as unrts/mg erythropoietin polypeptide can be converted to units/A28o by 
multiplying by 0.807 mg erythropoietin polypeptide/A2eo. The conversion factw is derived by nruiltiplying the extinction 

55 coeffident of erythropoietin (1.345 mg/A28o) by the protein content of the erythropoietin glycoprotein (about 60% by 
weight Davis et al. Biochemistry 2&. 2633 (1987)) to obtain mg erythropoietin polypeptide/Aggo (l e., 1 .345 mg erythro- 
poietin/A2eo x 0.60 mg polypeptide/nrig erythropoietin = 0.807 mg polypeptide/A28o) addition, specific activities 
expressed as units/mg erythropoietin polypeptide can be multiplied by the factw 0.60 mg polypeptide/mg erytiiropoietin 
glycoprotein to give specific activities expressed as units/mg erythropoietin glycoprotein. 
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TABLE 2 



ISO- 

fcym 


U/mG Polypeptide 
(Bradford Protein Assay) 


n 


U/mG Polypeptide 
{From A280) 


n 


UAnG Polypeptkle 
{From RIA) 


n 


14 


289.400 ±3,100 


2 


AUO.OlAl ± O /. /UU 


2 


3fifi 700 ± 55 900 


2 


13 


307.600 ± 30,600 


4 


258.700 ± 59.500 


5 


337.200 ±40.200 


5 


12 


275,200 ± 55.600 


4 


258.400 ±41,700 


5 


287,700 ± 42.600 


5 


11 


282,700 141,100 


3 


255.800 ± 67.300 


4 


251.400 ±K,700 


4 


10 


188.000 ±1.900 


1 


170.300 1 34.500 


3 


171 .900 ±31 .600 


3 


9 






96.600 ± 46.700 


2 


113,600 ± 39.600 


2 


8 


65.200 ± 3.800 


1 


70.600 ±4.100 


1 


61 ,000 ±3,500 


1 


7 


46,200 ± 5.800 


1 


50.300 ±6.300 


1 


42,800 ± 5,400 


1 


5 


16.6001 1J00 


1 


18.300 ±1,900 


1 


15,500 ±1.600 


1 
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The data in Table 2 are also presented graphically in Rgures 2A. 2B and 2C. These data show that the re^atwe m 
Mm activity of erythropoietin increases as a function of sialic acid content up until isoform #11. Isoforms 11-14 have 
^entially the same relative in vivo bioactivity. (This is most apparent when the concentration ofjsoform 14 is 
expressed using the Bradford assay value. The Bradford value may be more accurate for BOform 14 because of the 
aenerally low Iwets obtained aixJ the resulting difficulty in detemiination by and the most warwit deCTeas«l 
reactivity in the RIA of very negative forms discussed previously). The greater relative iQ mi specrfic activity of eryth- 
ropoietin isoforms having more sialic add is most likely due to a longer circulating hatf-We of these torms. teofo^"'8 9 
and 13 were labeled with radioactive iodine (^^'l) and their rate of clearance in rats was determined. The haH-lrfe in cir- 
culation was signrficantly longw for isoform 13 than for teofbrm 9. 

F^mnlB 4: Sel«»rtinn of Recomb i nant Frvthroooielin IfiOfOrm Mi)(tUrW> bV Q-SeplWrOS^? ChrPTOtOgmPhY 

Cell conditioned media from the production of recombinant erythropoietin according to the procedures descrilwd 
in Un fiUDia are concentrated and diaffltered against 10 rvM Tris. pH 7.2. Protem concentration is deterniined^ tfie 
Bradfbrdmtefoprotein assay using bovine serum albumin asa standard. 19.6 ml of thesolufion containing 40 mg rttotal 
protein is made 20 pM in CUSO4. filtered through a 0.45 micron cutoHfilter and loaded onto a 4 ml bed volume {^05 cm 
Seighl X 2.2 cm direter) column packed with Q Sepharose Fast Row (Pharmacia) which has been equilibrated wrth 
10 nW Tris pH 6 8 to 7.0 at 4°C. After sample application, the column is washed with two column volumes of the same 
buffer. The'column flow rate is about 1 ml/min. Six separate columns are set up using this procedure to select defined 
erythropoietin isoform mixtures. „ ^ u 

Columns are washed with 6 to 9 column volumes of a low pH buffer consisting of: Column #1 . 150 mM acettc acrf. 
1 mM fllydne. 20 iiM CUSO4. 6 M urea adjusted to pH 4.7 with NaOH; Column #2. 200 mM acetic acid. 1 mM glycine. 
20 uM CUSO4. 6 M urea adjusted to pH 4.7 with NaOH; Column #3. 250 mM acetic add. 1 mM glycine. 20 MM CUSO4. 
6 M urea adjusted I0 pH 4.7 with NaOH; Column #4. 300 mM aceUc add, 1 mM glydne. 20 pM CUSO4. 6 M urra 
adjusted to pH 4 7 with NaOH; Column #5. 150 mM acetic add. 1 mM glydne. 20 mM CUSO4. 6 M urea; Column #6^ 
3W) mM acetic add. 1 mM glydne. 20 pM CUSO4. 6 M urea. The pH of the columns is increas^ to approxjmatdy pH 
Tbv washinq each one with 8 to 1 1 column volumes of 10 mM Tris-HCI. 55 mM NaQ. 20 ^M CUSO4, pH 7. The defin«J 
ISSnTslm Sires are eluted from the columns by washing with 10 mM Trfe-HCI. 140 mM NaCI. 20 ,M 

^^e dmed'isoform f»ols from each column are concentrated and solvent exchanged into water using an Amicon 
Centricon-1 0 microconcentrator. TTie results of analytical isoelectric focusing of these eoncentr««J f»oIs shown in 
Raure 3 Gel lanes 1-6 represent defined erythropoietin isoform mixtures eluted from column 1.5.2.3.4 and 6 respec- 
tively. The "isoform mixture' shown in the far left gel lane of Rgure 3 represents cell media which fe apphed to a Q- 
Sepharose column as described above, the column is washed wrth 5 mM acetic add. 1 mM glycine. 20 pM CuS04^ 
urea and the erythropoietn isoform mixture is eluted from the column using the procedures desCTbed above. This 
eluti mixture of isoforms is further purified according to the procedures descrtoed in et al.. syHffl pnor to analytical 
isoelectric focusing. 



9 



EP 0 428 267 B1 



Example 5: Fractionation of Rficombinant Erythropoietin Isofcyms U^inq a Lqw p H Qratf gnt gn Q-Sephgrogg 

tn another procedure, erythropoietin isofornTs are separate using a gradient of deaeaang pH arKJ increasing ionic 
strength. The concentrated diaf iltered erythropoietin corrtaining media is loaded to a column of Q-S^arose at a ratio 
of awjroximately 40 mg tota! protein/mL ge!. The column is then washed with approximatety two column volumes of 10 
mM Tris HO, pH 7.0 and then approximatety 10 column volumes of 2 mM acetic acid/1 noM glycine/20 CUSO4/6 M 
urea (pH approximately 4.8) to remove contaminating proteins and erythropoietin tsoforms containing less than approx- 
imately 7 sialic acki resklues. Isoforms containing from approximatdy 8 to approximately 12 sialic actcte are eluted from 
the column using a gradient starting at approxinrateJy 2 mM acetic acid in 6 M "^ea/l mM glycine^O jiM CUSO4 and 
running to 40 mM acetic ackl/6 M urea/1 mM glycine/20 tiM CUSO4 (pH approximately 4). The total volume of the gra- 
dient is approximatety 40 column volumes and fractions of approximately one cc^umn volume each are collected into 
vessels containing a volume of Tris buffer suff cient to bring the pH into the range of 6-8.5 so as to avokl long term expo- 
sure of the collected fractions to low pH. Aliquots of the fractions are subjected to analytical isoelectric focusing to mon- 
itor the separation. Figure 4 shows the separation of isoforms 8-1 1 whit^ may be achieved by this proc^ure. Isoforms 
12-14 which remain bound to the column at the end of the gradient are eiuted by washing with a buffer consisting of 10 
mM TrisHCI. 140 mM NaQ. 20 mM CUSO4 (pH 7.0). The isofomrs (separated during the gradient or eluted by the 
sodium chloride solution) are freed of comaminating proteins by re/erse phase chromatography followed by gel f ituation 
chromatography as desaibed in Example 2 of Lai et al. 



Claims 

Claims tor the following Contracting States : AT. BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1 . An isolated biologically active erythrc^oietin isoform having a single isoelectric point and having a specific number 
of sialic ackJs per erythropoietin molecule, said number being selected from the groi^) consisting of 1 to 1 4. 

2. An erythropoietin isoform according to Claim 1 wherein said isoform is the product of the expresaon of an exoge- 
nous DNA sequerrce in a non-human eucaryotic host cell. 

3. An erythropoietin isoform according to Qaim 1 wherein said isoform conprises erythropoietin having the amino 
acid sequence of 1-165 or 1-166 human erythrc^ietin. 

4. An erythrc^ietin isoform according to Claim 1 having 14 sialic acids per erythropoietin molecule. 

5. An erythropoietin isoform according to Claim 1 having 13 sialic acids per erythropoietin molecule. 

6. An erythropoietin isoform according to Claim 1 having 1 0 sialic acids per erythropoietin molecule. 

7. An erythropoietin isoform according to Claim 2 wherein said eucaryotic host cert is a CHO cell. 

8. A pharmaceutical composition comprising a therapeutically effective amount of said erythropoietin isoform of Claim 
1 and a pharmaceutically acceptable diluent, adjuvant or carrier. 

9. A composition consisting essentially of two or three erythropoietin isofornre according to Claim 1 . 

1 0. A composition according to Claim 9 consisting essentially of erythropoietin isoforms having less than 1 2 sialic acids 
per molecula 

11. A conposition acceding to Claim 10 consisting essentially of erythropoietin isoforms having 9, 10 and 11 sialic 
ackJs per erythropoietin mtrfecule. 

12. A conposition according to Clam 9 consisting ess^ially of erythropoietin isoforn^ having greater than 1 1 sialic 
ackis per molecule. 

1 3. A conposition as in Claim 1 2 consisting ^entially of erythropoietin isoforms having 1 3 and 1 4 siaftc adds per mol- 
ecule. 

14. Erythropoietin consisting essentially of biologically active erythropoietin molecules having an kJentical number of 
sialic adds pa- nrolecule, said number being selected from the group consisting of 1 to 14. 
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1 5. Erythrqjoietin according to Claim 14 having 14 sialic ackis per erythrcpoietin mdecule. 

16. Erythropoietin according to Claim 14 having 13 ^atic ackJs per erythropoietin mdecule. 

5 17. Erythrc^ietin according to Claim 14 having 10 sialic ackte per erythropoietin moiecule. 

18. Erythropoietin according to Claim 14 wherein said molecule is the product of the expression o1 an exogenous DNA 
sequence in a non-human eucaryotic host cefi. 

to 19. Erythropoietin according to Claim 13 wherein said erythropoietin has the amino add sequence of human erythro- 
poietin. 

20. A pharmaceutical composition comprising a therapeuticany effective amount of erythropoietin of Claim 14 and a 
pharmaceuticaiiy acceptatrfe diluent, adjuvant or carrier. 

21 . A method of pr^ring an erythrojxjietin isoform according to Claim 1 compriang the steps of: subjecting a purified 
erythropoietin to f^eparative Isoelectric fwmsing. arwJ eluting a sir^le isoform from the gel. 

22 A method of preparing a mixture of erythropoietin isoforms having a predetermined number of sialic acids per mol- 
20 " ecule. said mn^er being greater than 1 1 . comprising subjecting material containing erythropoietin to .on exchange 

chromatography. 

23 A method of preparing a mixture of erythropoietin isoforms having a predetermined number of sialic acids per mol- 
* ecule. said number being greater than1 1 . comprising subjecting a material containing erythropoietin to chromato- 

25 focusing. 

24. The compoation according to Claim 9 for use in a method of increasing hematocrit levels in mammals. 

25. A method for obtaining an erythropoietin composition having a predetermined number of scalic adds per molecule 
30 coirprising preparing a mixture of two or more erythropoietin isoforms according to daim 1 . 

26. The method of Claim 25 wherein said mixture consists essentially of at least two isofc^ms having less than 12 sialic 
acids per molecule. 

35 27. The method of Qaim 26 wherein said mixture consists essentially of erythropoietin isoforms having 9. 10 and 1 1 
sialic adds per molecule. 

28. The method of Claim 25 wherein said mixture consists essentially of at least two isoforms having greater than 1 1 
sialic adds per molecule. 

29. The method as in Oaim 28 whwein said mixture consists essentially of erythropoietin isoforms having 13 and 14 
siafic adds per molecule. 

Claims for the following Contracting States : ES, GR 

1 A method of preparing a biologically active erythopdetin isoform. whidi method comprises isdating a biologically 
active erythropoietin isofomi having a single isoelectric point and having a specific mmbe: of sialic acids per eryth- 
ropoietin molecule, said number being selected from the group consisting of 1 to 14. 

50 2. A method according to Claim 1. wherein said isoform is produced by the expression of an exogenous DNA 
sequence in a non-hurrain eucaryotic host ceil. 

3. A method according to Claim 1 . wherein said isoform comprises erythropoietin having the amino add sequence of 
1-165 or 1-1^ human erythropoietin. 
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4. A method according to Claim 1. wh^ein said isoform has 14 sialic adds per erythropoietin molecule. 

5. A method according to Claim 1 . wherein said isoform has 13 sialic ackls per erythrofxjietin molecule. 
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6. A method according to Claim 1 , wherein sakJ iscform has 1 0 sialic ackJs per erythropoietin molecule. 

7, A method according to Ciaim 2, wherein sakJ eucaryotic host cell is a CHO cell. 

8 A method of preparing a pharmaceutical cOTpoation. wHch method comprises conr^ining a therapeutically effec- 
tive amount of an erythrc^ietin isotorm prepared according to Claim 1 . with a pharmaceutically acceptable diluent, 
adjuvant or carrier. 

9 A method of preparing erythr<^iettn. which method essentially comprises pr^ring biologically active erythropoi- 
0 etin molecules having an identical number of sialic acids per molecule, sad number being selected from the group 

consisting of 1 to 14. 

10. A method according to Claim 9. in which there are 14 sialic acids per erythropoietin molecule. 
5 11 . A method according to Claim 9. in which there are 1 3 sialic adds per erymropoietin molecule. 

12. A method according to Qaim 9. in which there are 10 sialic acids per erythropoietin molecule. 

13. A method according to Claim 9. wherein said rrolecule is produced by the expression of an exogenous DNA 
?o sequence is a non-human eucaryotic host cell. 

14 Amethod of preparing a pharmaceutical composition, which method cwnprises combining a therapeutically effec- 
tive amount of erythropoietin prepared according to the method of Claim 9 with a pharmaceuticaily acceptaWe dilu- 
ent, adjuvant or earner. 
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1 5. A method of pr^ring an erythropdetin isoform according to Claim 1 . comprrstng the steps of: subjecting a purified 
erythropoietin to preparative isoelectric focusing, and etuting a single isoform from the gel. 

16 A memod of preparir^ a mixture of erythropoietin \soforrns having a predetermined number of sialic acids per mol- 
30 ecule, said number being greater than 1 1 . comprising subjecting material containing erythropoietin to ion exchange 

chromatography. 

17 A method ofpreparing a mixture of erythropoietin isoforms having a predetermined number of sialic ackJs per mol- 
ecule, said nun*er b^ng greater than 11. comprising siJajecting a material containing erythropoietin to chromato- 

35 focusing. 

18 A method for obtaining an erythropoietin composition having a predeterntined number of sialic acds per molecule 
comprising preparing a mixture of two or more erythropoietin isoforms prepared according to the method of Claim 
1. 

1 9. The method of Claim 18. wherein said mixture consists essentially of at least two isoforms having less than 12 aalic 
acids per nrx)lecule. 

20. The method of Claim 19 wherein said mixture c»nsists essentially of erythropoietin isoforms having 9. 10 and 1 1 
45 sialic adds p& molecula 

21. The method of Claim 18 wherein said mixture consists essentially of at least two isoforms having greater than 11 
sialic adds per molecule. 

50 22. The method as in Claim 21 wherein sakJ mixture consists essentially of erythropoietin isoforn^ having 13 and 14 
sialic adds per mdecule. 

23. A method according to Claim 18. for i^e in a method of increaang hematocrit levels in mammals. 

55 24. A method according to Claim 22. wherein said erythropoietin has the amino add sequence of human erythropoie- 
tin. 
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Patentanspruche 

PatentansprQdw tOr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB. IT, LI, LU, NL, SE 

1 Eine isolierte biotogisch aklive Erythropoielin-lsofomi. mi einem einzigen isoeleWrischen PunW und mit einer spe- 
^S^^I^rrSialinsauTprErythropoietin-^^^^^^ wobei besagte Anzahl ausgewahit .st aus der 

Gruppe, die aus 1 bis 14 bestehl 

2. Eine Erythropoietin-teotorm na* Anspruch 1 . v«toei besagte Isoform das ProduM der Expression einer exogenen 
DNA-Sequenz in einer nicht-menschlichen eukaryonfechen Wirtszefle ist. 

3. Eine Erythropoietin-lsofonr, nach Anspruch 1. wobei besagte Isotorm Erythropoietin umfaBt, das die Aminosflure- 
sequenz von 1-165- Oder 1-166-Human-Erythropoietin aufweist 

4. Eine ErythropoieUn-lsoform nach Anspruch 1. m» 14 SialinsSuren pro Erythropoietin-MoleWli. 

5. Eine Erythrcpoietin-lsoform nach Anspruch 1 . mit 13 Sialinsfluren pro Erythropoietin-MolekOl. 

6. Eine Erythropoietin-boform nach Anspruch 1. mit 10 SalinsSuren pro Erythropoielin-Molekul. 

7. Eine Erythropoietin-boform nach Anspruch 2. wobei besagte eukaryontisehe Wirtszelle eine CHaZelle ist. 

8. Eine pharmazeutische Zusammensetzung, die eine therapeutisch wirksame Menge ^^^^^^f ' ^[yJ^^P^^". 
Isoform von Anspruch 1 und ein pharmazeutisch annehmbares VerdQnnungsm.ttel. Adjuvans Oder Tragermrttel 

umfaBt. 

9. Eine Zusammensetzung. die im wesentlichen aus zwei Oder drei Erythropoietin-lsoformen nach Anspruch 1 
bestehl 

10. Eine Zusammenseuung nach Anspruch 9. die im wesentflchen aus Erythropoietin-lsoformen mit weniger als 12 
SialinsSuren pro MoIekD! besteht 

11. Eine Zusammensetzung nachJVnspruch 10. die im wesentlichen aus Erythropoietin-lsoformen m» 9. 10 und 11 
SialinsSuren pro Erythropoietin-MolekOl besteht 

12. Eine Zusammenselzur^ nach Anspruch 9. die im wesentlichen aus Erythropoietin-lsoformen mit mehr als 11 
SialinsSuren pro Mdekul besteht 

13. Eine Zusammensetzung nach Anspruch 12. die im wesentlichen aus Erythropoietin-lsoformen mit 13 und 14 
Sialirtsfiuren pro Molekul besteht 

14 Erythropoietin, das im wesentlichen aus biologisch aktiven Erythropoietin-Molekulen mit einer identischen Anzah! 
Von s!rnsau;en pro MolekQ! besteht wobei besagte Anzahl ausgevflhlt ist aus der Gruppe. die aus 1 bs 14 

besteht. 

15. Erythropoietin nach Anspruch 14. mit 14 Sialinsauren pro Erythropoietin-MoIek£a. 

16. Erythr(^etin nach Anspruch 14. mit 13 SialinsSuren pro Erymropoietin-Molekul. 

17. Erythropoietin nach Anspruch 14. mit 10 Sialinsfturen pro Erythropoielin-Molekul. 

18. Erythropoietin nach Anspruch 14. wobei besagtes MolekOI das Produkt der Expression einer exogenen DNA- 
Sequenz in einer nicht-menschlichen eukaryontischen Wirtszelle tst 

19. Erythropoietin nach Anspruch 13. wobei besagtes Erythropoietin die Aminosfiuresequenz von Human-Erythro- 
poietin aufweist. 

20. Eine pharmazeutische Zusammensetzung. die eine therapeutisch wirksame Menge an Enj^ropoi^n von 
Anspruch 14 und ein pharmazeutisch annehmbares VerdOnnungsmrtlel. Adjuvans Oder Tragermrttel umfaBt. 
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21. Ein Verfahren zur Herstellur^ en» Erythropcietin-tecfDrm nach Anspruch 1. welches die Schr'rtte umfeBt, daB ein 
gereinigles Erythropoietin praparativer isoelektrtscher Fokussierung unterzogen wird und eine ©nzetne Isoform 
aus dem Ge) etuiert wird. 

22. Ein Verfahren zur Herstellung etner Mischung von Erythrc^ietin-tsotorm©i mit einer vorbestinrtnnten Anzahl von 
Sialtnsfluren pro MoIekOI. wobei besagte Anzahl grOB^ a!s 1 1 tst, welches umteBt daB Material, welches Erythro- 
poietin enthSH. einer lonenaustausdichromatographie unteaogen wird. 

23. Ein Verfahren zur Herstellung einer Mischung von Erythrc^ietin-lsoformen mit einer vorbestinrtmten Anzahl von 
Sialinsfiuren pro Molekul, wct>ei besagte Anzahl grOBer ate 11 tst welches umfaBt. daB ein Material, das Erythro- 
poietin enthait. einer Chromatotokussierung unterzogen wird. 

24. Die Zusammensetzung nach Anspruch 9 zur Verwendung in einem Verfahren zur ErhOhung der Haniatokritgehalte 
in Saugetieren. 

25. Ein Verfahr^ zum Erhalten einer Erythropoiettn-Zusanftnrrensetzung mit einer vort>esttmnnlen Anzahl vm Sialin- 
sauren pro MolekOI. welches umfaBl. daB eine Mischung aus zwei oder mehr Erythropoietin-lsoformen nach 
Anspruch 1 hergestellt wird. 

26. Das Verfahren nadi Anspruch 25. wob© besagte Mischur^ tm wesentlichen aus wwi^tens zwei Isofo-men mit 
weniger als 12 Sialinsduren pro MolekQI besteht. 

27. Das Verfahren nach Anspruch 26, wobei besagte Mischung Im wesentlichen aus Erythropoietin-lsoformen mit 9, 
10 und 1 1 Sialinsduren pro MolekOt besteht. 

28. Das Verfahren nach An^ruch 25, wob© besagte Mischung tm wesentlichen aus wenigstens zwei Isofo-men mit 
mehr als 1 1 SialinsSuren pro Molekul besteht. 

29. Das Verfahren nach Anspruch 28, wobei besagte Mischung im wesentlichen aus Erythropoietin-lsoformen mit 13 
und 14 Sialtnsduron pro Molekul besteht 

PatentansprOche f Or folgende Vertragsstaaten : ES, GR 

1. Ein Verfahren zur Herstellung einer biologisch akliven frythrc^ietin-lsoform, wobei das Verfehren umfaBt daB 
eine biologisch aktive Erythropoietin-Isoform mit einem einzigen tsoelektrischen Punkt und nrnt einer spezrfischen 
Anzahl von Sialinsfluren pro Erythropoietin-MolekOI isoliert vwrd. wobei besagte Anzahl ausgewflhlt rst aus der 
Gruppe. die aus 1 b's 14 besteht 

2. Etn Verfahren nach Anspruch 1. wobei besagte Isoform durch die Expression einer exogenen DNA-Sequenz in 
einer nichtmenschlichen eukaryontischen Wtrtszeile produziert vwrd. 

3. Ein Verfahren nach Anspruch 1, wob© besagte Isoform Erythropoietin mit der Aminosauresequenz von 1-165- 
oder 1-166-Human-Erythropotetin umfaBt. 

4. Ein Verfahren nach Anspruch 1 . wobei besagte Isoform 14 Sialinsfturen pro Erythrc^etin-MolekOI aufweisl. 

5. Ein Verfahren nach Anspaich 1 . wobei besagte Isoform 13 Sialinsfluren pro ErythrqDoietin-Molekul aufwast, 

6. Ein Verfahren nach Anspnich 1 , wobei besagte Isoform 10 Sialir^uren pro Erythrqp>oietin-MoIekul aufweist. 

7. Ein Verfahren nach An^ruch 2. wobei besagte eukaryontische Wirfezelle eine CHO-Zelle tst 

8. Etn Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wob© das Verfahren umfaBt. daB eine 
therapeutisch wirksame Menge einer Erythropoietin- Isoform, hergestellt nach An^)ruch 1, nrut einem pharmazeu- 
tisch annehn^aren Verdunnungsmittel. Acfluvans oder Trfigermittel kombiniert wird. 

9. Ein verfahren zur Herstellung von Erythropoietin, wobei das Verfahren tm wesentlichen unrrfaBt, daB biologisch 
aktive Erythropoietin-MoIekOle mit einer kJentischen Anzahl von Sialinsfluren pro MolekOI hergestellt werden. 
wobei besagte Anzahl ausgewahit tst aus der Gruppe. die aus 1 bis 14 besteht. 
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10. Ein Vertahrm nach Anspruch 9. in dem es 14 SialinsSuren pro ErythropdetiivMolekO! gibl 

11. Ein Verfahren nach Anspruch 9. in dem es 13 Sialinsauren pro Erythropdetin-MoIekQl gibt 

12. Ein Verfahren nach Anspruch 9. in dem es 10 Sialinsfiuren pro Erythrofwietin-WolekQl gibt 

13. Ein Verfahren nach Anspruch 9. wobei besagtes MoIekOl produziert wird durch die Expression einer exogenen 
DNA-Sequenz in einer nicht-menschlichen eukaryonfechen Wirtszelle. 

14 Ein Verfahren zur Herstellung einer pharmazeutischen Zi^mmensetzung. wobei das Verfahren umfaBl. daB eine 

* therapeutisch wirksame Menge Erythropoietin, hergestelft nach dem Verfahren von Anspruch 9. mit enem phar- 
mazeutisch annehmbaren VerdOnnungsmittd. Ac^uvans Oder Tragermittel kombiniert wird. 

15 Ein Verfahren zur Herstellung einer Erythropoietin-lsoform nach Anspruch 1 . welches die Schritte umfaBt. daBein 
' gereinigtes Erythropoietin einer prAparativen isoelektrischen Fokussierung unterzogen und eine etnzelne Isoform 

aus dem Gel eluiert wird. 

16 Ein Verfahren zur Herstetlung einer Mischung von Erythropoietin- tecformen ntit einer vorbestimmten AnzaW von 

* Sialinsauren pro Molekul. wobei besagte Anzahl grOBer als 1 1 ist. weiches umfaBt. daB Material, das Erythropoie- 
tin enthait. mner lonenaustauschchromatographie unterzogen wird. 

17 Ein Verfahren zur H^stellung einer Mischung von Erythropoietin-lscformen mX einer voibestimmtai AnzaW von 

* Sialinsauren pro Molekul. wobei besagte Anzah) grCBer als 11 ist; welches umfaBt. daB ein Material, das Erythro- 
poietin enthait. einer Chromatofokusslerung unterzogen wird. 

18 Ein Verfahren zum Erhalten einer Erythropoietin-Zusammensetzung mit einer vorbestinrtmten Anzahl von Sialin- 
' sauren pro Mdekul. welches umfaBt. daB eine Mischung aus zwei Oder mehr Erythrc^ietin-tsoformen. die gemaB 

dem verfahren von Anspruch 1 hergeslelH sind. hergestellt wird. 

19. Das Verfahren nach Anspruch 18. w(A>ei besagte Mischung im wesenUichen aus wenigstens zwei Isoformen mit 
weniger als 12 Sialinsauren pro MolekOI besteht. 

20. Das Verfahren r^ch Anspruch 19. wobei besagte Mischung im wesentltchei aus Erythrqpoietin-lsoformen mit 9. 
1 0 und 11 Sialinsauren pro Molekul besteht. 

21. Das Verfahren nach Anspruch 18. wobei hesagte Mischung im wesentlichen aus wenigstens zwei Isoformen mX 
mehr als 1 1 Sialinsauren pro MolekOI besteht 

22. Das Verfahren nac*) Anspruch 21 . wobei besagte Mischung im wesentlichen aus Erythropoietin- Isoformen mit 13 
und 14 Sialinsauren pro MolekiH besteht 

23. Ein Verfahren nach Anspruch 1 8. zur Ven^rendung in einem Verfahren zur Ertifihung der Hamatokritgehalte in Sau- 
getieren. 

24. Ein Verfahren nach Anspruch 22. wobei besagtes Erythrc^etin die Anranosauresequ»u von Human-Erythropde- 
tin aufweist 

Revendicatlons 

Revendications pour les Etats contractants suivant : AT, BE, CH, DE. DK, FR, GB, IT, U, LU, NL. SE 

1 Isoforme d'6rythropoi6tine tsol6e biologiquement active, ayant un point iso^Iectrique unique et ayant un nonnbre 
sp^dfique d'acides sialiques par moI6cule d'6rythr(^T6tine. ledit non^re 6tant chdsi dans le groupe conr^ns 
entre 1 6 14. 

2. Isoforme d-6rythroFX)T6tine selon la reverxlica^on 1. dans laquetle ladrte isoforme est le produit de I'expression 
d'une s6quence d'ADN exog^ne dans une cellule hdte eucaryole non-humaine. 

3. Isoforme d*6rythropoT6tine selon la revendication 1 . dans laquelle ladite isoforme comprend de r6rythr<H)oT6tine 
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ayant ta s6quence d'actdes aminte de r6rythrc^l6tine humaine 1-165 ou VI 66. 

4. Isoforme d'6rythropoT6tine selon la revendication 1 ayant 1 4 acides sialtques par molteule d'6rymr(^T6tine. 

5. Isoforme d'6rythropoT6tine selon ta revendication 1 ayant 13 acides sialiques par mo]6cu1e rf6rythrc^T6tine. 

6. Isoforme d'6rythropol6tine selon ta revendication 1 ayant 10 actdes sialiques par molecule d'6rythrcpoT6tine. 

7. Isoforme d'6rythropoT6tine selon la revendication 2. dans laqueile ladite cellule h6te eucaryote est une cetlule CKO. 

8. Composition pharmaceuttque conprenant une quantit6 th6rapeutk;uement efficace de ladite isoforme d'6rythro- 
pot6tine de la revendication 1 et un support, adjuvant ou diluant pharmaceutiquement acceptable. 

9. Composition constitu6e essentten^nent de deux ou trois isoformes d*6rythropoT6tine selon ta revendication 1 . 

10. Composition selon la revendication 9 constitu6e essentiellement d'feoformes d'6rythrc^T6ttne ayant moins de 12 
actdes sialk^ues par molecule. 

11. Composition selon la revendication 10 constitu6e essentiellement dlsoformes d'6rythropoT6tine ayant 9, 10 et 11 
acides siatiques par mol6cu!e d*6rythropoT6tine. 

12. Composition selon la revendication 9 constitute essentiellement disoformes d'6rythrcHD0T6tine ayant plus de 11 
acides sialiques par molecule. 

13. Composition selon la revendication 12 constitute essentiellement disoformes d*6rythropoT6tine ayant 13 et 14 aci- 
des sialiques par moltcule. 

14. ErythropoT6tine constrtu6e essentiellement de mol6cules tf6rythropoT6tine biologiquement actives ayant un nom- 
bre identique d'acides sialiques par mol6cule. lecfit nombre 6tant choisi dans le groupe compris entre 1 A 14. 

15. ErythropoT6tine selon la revendication 14 ayant 14 ackles sialiques par moI6cule d'6rythropoT6tine. 

16. ErythropoT6tine seton ta reverxlication 14 ayant 13 acides sialiques par mol6cu!e d'^ythropoT6ttne. _ 

17. ErythropoT6tine selon la revendication 14 ayant 10 acides sialkjues par mol6cule rftrythropoTtline. 

18. Eryt»iropol6tine seton la revendication 14. dans taquelle ladrte mol6cule est le produit de Texpression d'une 
sequence d'ADN exogdne dans une cellule hflte eucaryote non-humaine. 

19. ErythropoTttine selon la revendication 13. dans taquelle ladite 6rythropoT6tine prtsente la s6quence d^acides ami- 
n6s de r^ythropoi6tine humaine. 

20. Composition pharmaceutique comprenant une quantrt6 th&^apeutiquement efficace d*6rytriropol6tine de la reven- 
dication 14 et un support adjuvant ou diluant pharmaceutiquement acceptabta 

21 Proc6d6 pour pr6parer une isoforme rf^ythropoT6tine selon la revendication 1 . comprenant les 6tapes consistant 
k soumettre une ferythropoT6tine purrfi6e 6 une concentration iso6lectrique preparative, et k 6tuer une isoforme uni- 
que ^ partir du get. 

22 Proc^6 de preparation d'un melange disoformes d'6rythropoT6tine ayant un nombre pr6d6termin6 d'addes siafi- 
ques par mol6cu!e. ledit nombre 6tant sup6rieur d 11» comprenant le fait de soumettre la matitre contenant 
I'trythropoTttine ^ une chromatographie par 6change d1ons. 

23 Proc6d6 de preparation d'un melange disoformes tftrythropoTetine ayant un nombre predetermine d'addes siali- 
ques par molecule, tedit nonttre 6tant superieur 6 11. comprenant te teit de soumettre une matiere contenant de 
ferythropoTetine d une concentration chromatographk^ue. 

24. Composition selon ta reverxJication 9 utilisable dans un prcK:6d6 pour augmenter les taux d-hematocrite Chez des 
mammiferes. 
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25 Proc6d6 pour obtenir une compoation d'6rythropol6tine ayant un nombre pr6d6twmin6 rfackJes sialiques par 
moI6cuIe. comprenani la preparation d'un m6!ange de deux ou plus isotwmes d'6rythropoT6tine seton la revendi- 
catton 1. 

26. Proc6d6 de la revertdication 25. dar^ lequel ledit melange est corretitu6 essentiellerrtent d'au iroiits deux isotormes 
ayartt mdns de 12 acides siarques par rm!6cule. 

27. Proc6d6 de la reverKJtcation 26, dans lequel ledit melange est c»nstjtu6 essentiellement d-isoformes tf6rythrqpoT6- 
tine ayant 9, 10 et 1 1 acides saliques par nraI6cula 

28. Proc6d6 de la reverxJication 25. dans lequel ledit melange est constitu6 essentiellement d'au moins deux isotormes 
ayant p!us de 1 1 acides aaliques par rm)l6cule. 

29. Proc6d6 selon la revendicaticn 28. dans lequel ledit nrt6lange est constitu6 essentiellement tfisoformes d'6rythro- 
poT6ttne ayant 13 et 14 ackles sialiques par mol6cule. 

Revendlcatlons pour las Etats contractants sulvant : ES, GR 

1 Proc6d6 pour fy^parer une isotorme d'6rythrc^oT6tine biologtquement active, lequel proc6d6 comprend Tisolation 
d'une isotorme d'6rythropoT6tine biologiquement active ayant un point isofelectrque unk^ue et ayant un nombre 
sp6dfique d'acides sialiques par molecule d*6rythropoT6tine. ledit nombre 6tant chdsi dans le groupe compns 
entre 1^14. 

2. Proc6d6 seton la revendication 1 , dans lequel ladite isoforme est produrte par rexfxessicxi d'une s6quence d'ADN 
exogfene dans une cellule hWe eucaryote non-humaine. 

3. Proc6d6 selon la rev^ication 1. dans lequel ladite isotorme comprerKl de r6rythropoT6tine ayant la sequence 
d'acides aminfes de r6rythropoT6tine humaine 1-165 ou 1-166. 

4. Proc6d6 selOT la revendication 1 . dans lequel ladite isotorme pr6sente 1 4 acides sialiques par mol6cule d'6rythro- 
poT^tine. 

5. Proc6d6 selon la revendicatioi 1 . dans lequel lacfite isoforme pr^sente 1 3 acides sialiques par mol6cule d'6rythro- 
poT6tine. 

6. Proc6d6 selon la revendication 1 . dans lequel ladite isoforme pr6sente 10 acides sialiques par mol6cule d'6rythro- 
poT^ttne. 

7. Proc6d6 selon la revendication 2. dans lequel ladite cellule hOte eucaryote est une cellule CHO. 

8 Proc6d6 de preparation d'une corrposition pharmaceutique. lequel proc6d6 comprend la conr^inaison tfune quan- 
tit6 th^apeutiquement eflicace d'une isoforme d'6rythropoT6tine pr6par6e selon la revendication 1 avec un sup- 
port adjuvant ou diluant pharmaceutiquement acceptable. 

9 Proc6d6 de preparation d'6rythrc^T6tine. lequel proc6d6 comprend essentiellement la preparation de nrtd6cu!es 
d*6rythropoT6tine biologtquement actives ayant un nombre identique d'acides sialk^ues par molecule, ledrt nombre 
etant choisi dans le groupe compris entre 1614. 

10. Proc6d6 selon la revendication 9. darre l^iud il y a 14 acides siaJiques par mol6cuIe d'erythrq5076tine. 

1 1 . Procede selon la revencfication 9. dans lequd il y a 13 acides sialk^ues par molecule d'6rythrofx>Tetine. 

12. Precede selon la revendication 9. dans lequel il y a 10 acides sialiques par mol6cule d'erythropoietine. 

13. Precede selon la revendicatton 9. dans lequel ladite nnoiecule est produite par Texpression d'une sequ^ice d'ADN 
exogene dans une cellule htte eucaryote non-humaine. 

14 Precede de preparation d'une conpositfon pharmaceutique. lequel proc6de comprend la combinaison d'une quan- 
tite therapeutkiuement eHicace d'erythropoietine prepar6e sdon le pr<K;6d6 de la revendcation 9 avec un support. 
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adjuvant ou diluant pharmaceutiquemenl acc^taWe. 

15 Proc&l6 de preparation d'une isotorme d*6rythropoT6tine selon la revendication 1. comprenant les 6tapK con^s- 
' tant d soumettre une 6rythrc^T6tine purif i6e k une concentration iso6Iectrique pr6parative. et d 6Iuer une isofcrme 

5 unique ^ partir du gel 

16 Proc6d6 de preparation d'un melange d'isoformes d*6rythrcpoT6tine ayant un nombre pr6d6termin6 d'acides stali- 
' ques par molecule, ledit nombre 6tant sup^rieur d 11. comprenant le fart de soumettre la matifere contenant 

r6rythropoT6tine d une chromatographie par Change d'toi^. 

17 Proc6de de preparation d'un melange d'isoformes d'erythropoT6tine ayant un nombre predetermine d'acides siali- 
' ques par mol6cu!e. ledrt non^re etant sup6rieur & 1 1. comprenant le fait de soumettre une matiere contenairt de 

rerythropoietine d une concentration chromatographk|ue. 

15 18 Precede pour obtenir une composition d'erythropoietine ayant un nombre predetermine d'acides sialiques par 
' molecule, comprenant la preparation d'un melange de deux ou plusieure isoformes tferythropoietine pr6par6es 
selon le proc&Je de la revendicaticHi 1. 

1 9. Precede de la revencfication 1 8. dans lequel ledit melange est constitue essentieilement d'au moins deux isoformes 
20 ayant moins de 1 2 acides sialiques par moiecula 

20. Precede de la revendication 19. dans lequel ledrt melange est constitue essentieilement d'isoformes d'6rythropoTe- 
tine ayant 9. 10 et 1 1 addes siafiques par mol6cu!e. 

25 21 . Precede de la revendication 1 8. dans lequel ledit melange est constitue essentieilement d'au moins deux isoformes 
ayant plis de 1 1 acides aaliques par nroiecule. 

22. Precede selon la revendication 21 . dans lequel ledit melange est constitue essentieilement d'isofo'mes d^erythro- 
poietine ayant 13 et 14 acides sialiques par molecule. 

23. Precede selon la revendication 18. utilisable dans un proc6de pour augmenter les taux rfhematocrite chez des 
mammiferes. 

24. Precede selon la revendication 22. dans lequel ladite erythropoT6tine pr6sente la sequ^e d'acides amines de 
35 rerythropoietine humaine. 
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